(19) 



J 



9 ®€ 



Europaj|^cs Patentamt 
Europea^Petent Office 
Office europeen des brevets 




(12) 



(H) EP 1 059 531 A1 

EUROPEAN PATENT APPLICATION 



(A 1\ 

(43) 


Date of publication: 


(51) int ci 7: G01N 33/534, G01N 33/60, 




13.12.2000 Bulletin 2000/50 


C07K1/26, C07K1/28 


(21) 


Application number: 99111176.6 




(22) 


Date of filing: 09.06.1999 




(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Nordheim, Alfred, Prof. Dr. 




MC NL PT SE 


72135 Dettenhausen (DE) / 




uesignaieo extension otates. 


• Cahill, Michael, Dr. 




ALLTLVMKROSI 


72116 Moessingen (DE) 


(71) 


Applicants: 


(74) Representative: Patentanwalte 


• 


Nordheim, Alfred, Prof. Dr. 


Ruff, Beier und Partner 




72135 Dettenhausen (DE) 


Willy-Brandt-Strasse 28 


• 


Cahill, Michael, Dr. 


70173 Stuttgart (DE) 




721 1 6 Moessingen (DE) 




(54) 


Labelling of peptides and proteins 





(57) This invention relates to methods for labelling 
peptides and/or proteins in preparative and analytical 
electrophoresis, especially as sample preparation for 
isoelectric focussing, wherein side chains of specific 
amino acid residues of the peptides and/or proteins are 
derivatized and labelled. The purpose of the invention 
is to control the isoelectric point of the peptides and/or 
proteins to permit isoelectric focussing of the samples 
with reliable results. In one embodiment of the invention 



cysteine residues of the peptides and/or proteins are 
alkylated, such that the modified amino acid side chain 
can be labelled, e.g. iodinated, along with tyrosine dur- 
ing standard conditions for tyrosine labelling. The inven- 
tion permits unincorporated label to be electrophoreti- 
cally removed from the sample during subsequent elec- 
trophoresis, thus dramatically improving the ratio of spe- 
cific protein-bound signal to non-specific background 
signal upon isotopic detection. 
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Description 

[0001] This invention relates to methods for labelling 
peptides and/or proteins in preparative and analytical 
electrophoresis, especially for isoelectric focussing or s 
other separation methods, which rely on the isoelectric 
point or net charge of a peptide or protein. 
[0002] The use of electrophoresis for preparative or 
analytical purposes is an established technique and 
several types of electrophoretic apparatus exist for that 10 
purposes. These apparatus and their accompanying 
principles can be divided into three categogies for the 
purposes required here (1, 12). 

a) zope electrophoresis / is 

b) isotachophoresis 

c) isoelectric focussing 

[0003] Zone electrophoresis includes the glycine and 
tricine buffered SDS-PAGE protein gel systems which 20 
are commonly used in the study of proteins known as 
proteomics. 

[0004] Isotachophoresis utilises hydrophilic matrices, 
and typically exhibits high resolution, but low loading ca- 
pacities. In combination with Free Flow electrophoresis 25 
the method can be used for micropreparative purposes 
(11). 

[0005] Isoelectric focussing has been performed in ei- 
ther liquid density gradients, in gel gradients (8), or in 
multicompartment apparatus with isoelectric immobiline 30 
based separating gel medium (9). In particular, isoelec- 
tric focussing is a key technology in the field of proteom- 
ics. 

[0006] In the field of protein biochemistry, proteomics 
has recently been of considerable interest. Proteomics 35 
is the study of all proteins expressed by a genome of 
the cells under study. The acronym "PROTEOME" 
means PROTEins expressed by a genOME (10). Pro- 
teomics may eventually reveal the identity and regula- 
tion of most proteins expressed within a particular cell- 40 
type (13). Current proteomics techniques involve the 
use of two dimensional p o ly aery lam ide gel electro- 
phoresis (2D-PAGE), whereby proteins are initially sep- 
arated by differences in isoelectric point by isoelectric 
focussing in the first dimension. These proteins are then *s 
subsequently separated by molecular weight in an SDS 
gel in the second dimension (8). 
[0007] With the exception of cases where limited ma- 
terial is available, such as where primary clinical sam- 
ples are analysed, in most instances proteomics studies so 
are not currently limited by sensitivity, but instead by 2D 
gel separation connected issues and problems of detec- . 
tion over the broad range of protein abundances. For 
instance similar 2D patterns are observed when visual- 
ising 2 mg of whole cell protein with Coomassie blue or ss 
50 ng protein with a phosphorimager after metabolic la- 
belling to high specific activity using 35 S-Methionine. 
However there is no advantage in visualising 2 mg of 
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the 35 S-Methibnine-labelled protein with a phosphorim- 
ager since discrimination between individual proteins is 
lost. Thus conventionally, protein loading amounts are 
determined according to the amount which approaches 
the resolution limit of the gel at the sensitivity of the par- 
ticular visualisation system employed. This vividly dem- 
onstrates that the limit of resolution of conventional 2D 
gels is generally not the sensitivity of detection, but in- 
stead is often determined by the separating capacity of 
the gel system. 

[0008] E.g. in cases where starting material is limited, 
considerable advantage can be obtained by incorporat- 
ing different radioactive isotopes of the same element 
into the proteins of interest from different samples. Fur- 
ther to the advantages of sensitivity, this permits pro- 
teins from separate samples to be co-electrophoresed 
in one gel and quantified totally independently of each 
other by Multiple Photon Detection (MPD) (3-5), greatly 
reducing the labor involved and increasing throughput. 
[0009] By use of MPD a detection limit of 1CT 21 mole, 
i.e. 600 atoms, has been achieved for proteins. MPD is 
a technique for the detection and measurement of cer- 
tain radioisotopes at activity levels which are much be- 
low the naturally occurring background. This is made 
possible by the nearly perfect rejection of background 
events which is achieved through sophisticated signal 
processing and analysis. Certain isotopes emit both X- 
rays as electrons move to lower orbitals, and gamma 
rays as neutrons decompose upon radioactive decay. 
The high degree of sensitivity of MPD is obtained by 
considering only signals with coincident X- and gamma- 
rays, and where the energy profiles of the measured 
photons correspond to those expected for the isotope 
in question. The isotopes compatible with MPD come 
from two broad families of radioisotopes which together 
include over 100 members appropriate for use as tags. 
In particular, they include the isotope iodine-125 ( 125 l), - 
one of the most commonly used isotopes in biomedical 
diagnostics. 

Additionally, other iodine isotopes can also be visualised 
by MPD or phosphorimager analysis. By carefully com- 
paring each detected event with the highly specific de- 
cay signature of the used radioisotope, MPD is able to 
reduce the number of background events to less than 
one per week. MPD permits multi-labelling (up to 1 6 co- 
resident labels), good spatial resolution (about 0.3 mm) 
and very high dynamic range (linearity over nine orders 
of magnitude in label down to 10 -21 mole). Two signifi- 
cant advantages which are derived from this capability 
are that substances labelled with appropriate isotopes 
can be reliably detected at four orders of magnitude low- 
er concentrations, and the amount of isotope which 
must be used is reduced 1, 000-fold to a level much be- 
low the naturally occurring background radiation. 
[0010] As mentioned, MPD enables "mufti colour" vis- 
ualisation of different isotopes, which means that these 
isotopes can be quantified independently of one another 
in the absence of cross-talk between signals. Signifi- 



2 



EP 1 059 531 A1 



cantly, due to the multicolour ability of MPD, proteins 
from different samples can be electrophoretically sepa- 
rated on the same gel and quantified totally independ- 
ently. As a clinicaJ example, healthy control cells can be 
labelled with 131 l, cancer cells with 125 l, and metastatic 
cells with 126 l. This enables a direct differential display 
of proteins, and makes redundant much of the graphic 
analysis which accompanies current proteomic studies. 
Thus two main advantages of the use of MPD are in the 
reduction of gel-to-gel variability because samples can 
be co-electrophoretically separated in the same gel, and 
in the increased throughput enabled at the currently lim- 
iting step of 2D-PAGE. It is to be stressed here that these 
two factors are currently recognized as bottlenecks in 
proteomic analysis, and are independent of the im- 
proved signal to noise attributes of MPD. 
[0011] Thus the ability to iodinate proteins provides a 
much more sensitive method of protein analysis, and 
permits the generation of reliable differential display da- 
ta, especially by the use. of MPD ; Conventionally, pro- 
teins can be iodinated by a variety of methods, notably 
on the amino acids tyrosine and histidine. Conventional 
methods include Chloramine-T, or lODO-Beads® from 
Pierce, USA (N-Chloro-benzenesulfonamide). Com- 
mercial reagents also exist for amino acid derivatisation 
which permit iodine to be incorporated at other posi- 
tions, however these typically alter the pK a (negative 
logarithm of the dissociation constant of the acidic 
group) of the amino acid in question, and thus greatly 
alter the isoelectric point of the proteins under examina- 
tion, and are therefore generally unsuitable for pre-iso- 
electric focussing labelling of proteins with iodine. The 
ability to label proteins with iodine prior to isoelectric fo- 
cussing would be of great importance, because unincor- 
porated iodine could be maintained in the cation ic form 
(I") and could be induced to exitthe experimental system 
by electrophoresis or dialysis. Thus the specific signal 
to background ratio would be greatly enhanced, and the 
sensitivity advantages of MPD in particular can be es- 
tablished. 

[0012] Therefore the invention has the object to pro- 
vide an amended method for labelling peptides and/or 
proteins, especially with iodine, in order to permit isoe- 
lectric focussing taking advantage of the preferable fea- 
tures of e.g. iodination. This object is solved by a method 
according to claim 1. Special embodiments of the inven- 
tive method are claimed in the following claims 2 to 16. 
The wording of all claims is hereby made to the content 
of the specification by reference. 
[0013] The main principle of the present invention is 
to control the IEF of peptides and/or proteins in course 
of labelling the sample in respect to separation methods 
which rely on the isoelectric point or net charge of the 
analyte. This is achieved by derivatisation and incorpo- 
ration of a label into the derivatized molecule or into the 
derivatizing reagent prior to derivatisation. 
[0014] Thus, there are two main embodiments of the 
inventive method. The first embodiment is characterized 



in that the isoelectric points of the analytes are essen- 
tially the same before and after derivatisation. This per- 
mits isoelectric analysis of the sample with reliable re- 
sults. In the second main embodiment of the invention 

s the inventive method is used with the intention of altering 
(in a defined manner) the isoelectric point of one or more 
analyte molecules, such as proteins, to facilitate a more 
efficient analysis, separation, exclusion, or inclusion of 
said molecules in any particular experimentally obtained 

io fraction. 

[0015] The inventive method preferably enables the 
iodination of sulfhydryl group-containing analyte mole- 
cules, such as cysteine-containing peptides or proteins, 
which makes it possible to perform an isoelectric focuss- 

75 ing step without having altered the isoelectric points of 
the analytes. An important step was to recognise that 
the pK a of cysteine (pH 9. 1 -9.5) (2) is very similar to that 
of tyrosine (pH 9.7) (2). Thus, alkylation of cysteine with 
a tyrosine-like molecule retains intact the approximate 

20 isoelectric point of the original protein, and permits la- 
belling of both cysteine and tyrosine with iodine using 
chemistry which traditionally labels only tyrosine with io- 
dine. Importantly, this process permits the electro- 
phoretic removal of iodine which is not covalently at- 

25 tached to proteins. This is enabled by replacing the ion- 
isable group of cysteine with another species with suit- 
able ionisation properties to permit isoelectric focussing 
to be performed on the derivatised proteins. This is crit- 
ical, since the negative charge of cysteine is important 

30 in counteracting the positive charges of basic amino ac- 
ids at basic pH values. Removal of the negative charge 
of cysteine causes the isoelectric point of many proteins 
to become much more basic, often moving them outside 
the range conveniently analysed by isoelectric focuss- 

35 ing. 

[0016] The inventive method can be applied prior to 
the isoelectric focussing step of two dimensional elec- 
trophoresis : or prior to the use of isoelectric focussing 
(IEF) which is followed by any subsequent analytical 
40 process. 

[0017] By "peptides and/or proteins" is meant pep- 
tides and/or proteins of any size and shape, as well as 
modified peptides and/or proteins like glycoproteins or 
lipoproteins. Also meant are molecules which contain 

4S modified amino acids which are connected by one or 
more peptide bonds, such as proteins where e.g. some 
or all lysines and/or some or all of one or more other 
types of amino acid side chain have been alkylated or 
modified in some way so as to no longer resemble bio- 

50 logical amino acid side chains. 

. [0018] The molecules suitable for the methods dis- 
closed here alkylate cysteine with the same chemistry 
as iodqacetamide. Such molecules could be carboxyes- 
terised iodoacetyltyrosine itself, or a similar molecule 

55 such as p-(4-hydroxyphenyl)ethyl iodoacetamide 
(Pierce, USA), which is in result iodoacetyltyrosine with- 
out the carboxyl group. Obviously the ethyl group of p- 
(4-hydroxyphenyl)ethyl iodoacetamide could be any 
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alkyl group or derivative thereof, and all variants thereof 
are claimed. The alkyl group may contain any combina- 
tion of atoms of any nature which do not alter the fun- 
damental fact that the pK a of the hydroxyphenyl group 
approximates the pK a of cysteine, and thereby enables 
cysteine alkylation prior to isoelectric focussing to pro- 
duce a 2D-PAGE pattern similar to that of proteins with 
underivatised cysteine residues. The pK a of the hydrox- 
yphenyl group approximates that of cysteine, and thus 
use of this class of reagents for the alkylation of cysteine 
permits pre : isoelectric focussing labelling of proteins 
with iodine. 

[0019] Furthermore the alkylating reagent could be 
any hydroxyphenylalkyl iodoacetamide, or any hy- 
droxyaromatic alkyl iodoacetamide, wherein the alkyl 
group may contain any combination of atoms of any na- 
ture which do not alter the fundamental fact that the pKg 
of the hydroxyaromatic group approximates the pK a of 
cysteine. Further the alkylating reagent is any iodoa- 
cetamylaminoalkylphenyl-sulfonic acid, or any iodoa- 
cetamylaminoalkylphenylalkyl-sulfonic acid, or any 
iodoacetamylaminoalkylphenylcarboxylic acid, or any 
iodoacetamylaminoalkylphenylalkylcarboxylic acid, 
wherein the alkyl group may contain any combination of 
atoms of any nature (showing the above fundamental 
fact), and any phenyl group may contain additional such 
alkyl groups. 

[0020] One further alkylating reagent to be isotopical- 
ly labelled prior to isoelectric focussing is THIOLYTE® 
Monobromobimane (Calbiochem, USA), which exhibits 
almost the identical pK a of cysteine. Another alkylating 
reagent to be isotopically labelled is THIOLYT® p-Sul- 
fobenzoyloxybromobimane (Calbiochem, USA) or THI- 
OLYTE® Monobromotrimethylammoniobimane (Calbi- 
ochem, USA), which exhibit different pK a -values to 
cysteine. 

[0021] Another class of molecules disclosed here for 
radioactive labelling of peptides or proteins on cysteines 
include the Hudson-Weber Reagent N-(iodoacetylami- 
noethyl)-5-napthylamine-1 -sulfonic acid (1,5-1- 
AEDANS) and its 1,8 isomer (6). In these molecules 
there are two ionisable groups, a sulfonic acid and a sec- 
ondary amine. The sulfonic acid has a pK a below the 
range of the normal working pH range for isoelectric fo- 
cussing. The secondary amine has partial aromatic 
character, and thus has a pK a much lower than the 
9.5-10.5 which would be expected for a secondary ami- 
no group. When cysteine is derivatised with these mol- 
ecules the resulting modified amino acid side chain is 
neutrally charged below the pK a of the secondary 
amine, and negatively charged above that pK a , which 
mimics the ionisation of cysteine in progressing from 
neutral to negative charge with increasing pH, albeit at 
a lower pK a for 1,5-hAEDANS. This class of molecules 
is useful to alter the isoelectric point (pi) of cysteine-con- 
taining proteins such that they adopt a more acidic pH. 
[0022] This alkylation results in a distinctly different 
2D-PAGE pattern than that observed for proteins which 



contain native cysteine. However this is advantageous 
in that many proteins from more basic regions of the gel, 
where IEF is difficult, can be visualised in more acidic 
regions of the isoelectric focussing gel. 

5 [0023] Also comprised in the above-mentioned class 
of molecules are all N-iodoacetylaminoalkyl versions of 
N-(iodoacetylaminoethyl)-5-napthylamine-1 -sulfonic 
acid (1,5-l-AEDANS) and its 1,8 isomer. By "alkyl" is 
meant also groups which contain any other combination 

10 of atoms. This includes large electron rich groups which 
affect the pK a of the acidic or of the basic groups of the 
AEDANS core structure. Also comprised by the inven- 
tion are molecules which introduce another ionisable 
moiety in the alkyl group, and thus behave recognisably 

is different during isoelectric focussing. All molecules 
where a further non-ionisable chemical group is added 
to the napthyl ring structure of such above disclosed 
molecules are also comprised. This includes additional 
aromatic elements. 

20 [0024] Additionally, all molecules where a carboxylic 
acid group or a phosphoric acid group replaces the sul- 
fonic acid group , are included, as are all molecules 
where the napthyl ring structure is replaced by a phe- 
nolic ring, and all combinations ol the above variations. 

2S Therefore the use of a zwitterionic N-iodoacetylami- 
noalkyl molecule containing a secondary, tertiary or 
quarternary amine base and an acidic group (sulfonic 
acid, carboxylic acid, phosphoric acid) on an aromatic 
ring structure, which could be iodinated, are claimed for 

30 the radioactive labelling of cysteine residues with iodine. 
[0025] In a further preferred embodiment of the inven- 
tive method excess alkylating reagent is reacted with an 
excess of another molecule to impart a charge to the 
unreacted alkylating molecule, whereby the excess 

35 alkylating reagent is very efficiently removed from the 
experimental system during electrophoresis. Hence, 
these molecules greatly improve the specific signal to 
. noise ratio of the sample. The type of molecules dis- 
closed for this purpose include thioglycolic acid and its 

40 salts, glutathione, 3-mercapto-1-propanesulfonic acid 
and its salts, and cysteamine. These molecules all have 
free sulfhydryl groups which attack the activated carbon 
of iodoacetamide-like reagents, forming a thioether link- 
age, as well as having an additional ionisable group 

45 which affects the charge of the unreacted alkylating mol- 
ecule: which are the distinguishing features of the mol- 
ecules disclosed for this purpose. Cysteamine adds a 
group with pK a of approximately 10. 4 S and is most suit- 
able for electroffrioreticaHy removing alkylating reagents 

50 from less basic pH gradients, such as pH 3-8 or 4-9. 
However with appropriate control of electrophoresis 
conditions, alkylating reagents which have been thioeth- . 
erised with cysteamine can also be induced to migrate 
out of more basic pH gradients, since the cysteamine 

55 amine group remains partially charged even at pH 12 
and above. Thioglycolate, glutathione, and 3-mercapto- 
1-propane-sulfonate add a negative charge to the 
alkylating reagent, and are therefore most suitable for 
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removing unreacted alkylating reagent from more basic 
pH gradients. The pK a of the thioglycolate carboxyl 
group is somewhat higher than that of the aspartate and 
glutamate side chains, however with appropriate control 
of electrophoresis conditions such molecules can also 
be induced to migrate out of quite acidic pH gradients. 
Thioglycolate imposes less disruption of the pH gradient 
in acidic regions during isoelectric focussing at similar 
concentrations to 3-mercapto-1 -propanesulfonate, and 
therefore is in many cases preferable to 3-mercapto- 
1 -propanesulfonate. Glutathione introduces two car- 
boxylic acid groups to the alkylating molecule, with pK a 
values approximating those of the aspartate and gluta- 
mate side chains, and is in most cases the reagent of 
choice. The use of thioglycolate in the presence of non- 
alkylated cysteine results in a low level of nucleophilic 
attack of the cysteine sulfur on the beta carbon of thi- 
oglycolate, with the sulfhydryl of thioglycolate acting as 
leaving group in a similar chemistry to iodoacetamide 
attack by cysteine. Therefore this reagent is most useful 
in applying after quantitative cysteine alkylation in 20- 
PAGE and other proteomic studies. 
[0026] Also in the case of fluorescent compounds as 
labels, unreacted fluorescent compounds can be re- 
moved by reaction with e.g. thioglycolate, glutathione, 
mercapto-1-propansulfonate, or cysteamine. I.e. this 
method of background signal removal is not restricted 
to the use of radioactive signals. 

[0027] One preferred label in connection with the in- 
ventive method is iodine. Nevertheless, there are other 
examples of appropriate labels. These include radioac- 
tive isotopes of carbon, hydrogen, sulfur, selenium (e.g. 
in the position of the sulfonic acid group with sulfur sub- 
stitute for selenium), or phosphate, which can be incor- 
porated into peptides or proteins by proper use of the 
corresponding above classes of molecules. The pep- 
tides or proteins alkylated by all the above methods fi- 
nally containing these radioactive isotopes can be sub- 
sequently quantified and/or analysed by means of iso- 
topic detection such as autoradiography, phosphorim- 
ager, or other methods. Furthermore the use of radio- 
actively excited fluorescing compounds is included. 
[0028] In a preferred embodiment of the invention the 
cysteine alkylating reagent is derivatized with radioac- 
tive isotopes, which exhibit coincident emission upon 
decay and are compatible with multi photon detection 
(MPD). 

[0029] In another embodiment labelling is performed 
with different isotopes, which permits the identification 
of differentially labelled proteins by virtue of differing 
masses of modified cysteine side chains. 
[0030] In one preferred embodiment of the inventive 
method there are specific and distinguishable isotopes 
incorporated into proteins from different sources, so that 
identical proteins from different sources can be co-elec- 
trophoresed in the same gel but quantified separately 
by virtue of their resultant differential molecular masses. 
In this embodiment peptides generated from proteins 
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from different sources have identical masses until a 
cysteine was reached in the primary amino acid se- 
quence. At this point the mass of peptides from both 
species differs by at least one atomic unit, which is easily 

5 detectable by e.g. modern mass spectrometers. Thus a 
differential display using a "multi colour" readout system 
is enabled. Importantly, this methodology does not re- 
quire radioactive labelling of the proteins. The isotopes 
can be isotopes of any of the atoms from which the 

10 alkylating reagent or its reaction products are derived, 
e.g. carbon, hydrogen, nitrogen, sulfur, oxygen, iodine, 
phosphate, or selenium. This embodiment of the inven- 
tion is e.g. applicable to proteins harvested from small 
amounts of primary human biopsies from the clinics, or 

is to organisms or samples collected in the field, such as 
for food quality control testing, or assaying for the pres- 
ence of specific micro-organisms. 
[0031] The alkylating reagent can be labelled with 
specific isotopes before or after the reaction of the 

20 alkylating reagent with the proteins. Nevertheless, label- 
ling of the alkylating reagent prior to alkylation is pre- 
ferred because labelling the molecules after alkylation 
could produce non-specific labelling of other residues 
which could interfere with identification by e.g. mass 

25 analysis. 

[0032] One embodiment of the inventive method is 
disclosed as follows. However it is recognised that oth- 
ers are also possible, and the claims are not intended 
to be restricted to this embodiment only. Proteins are 

30 solubilised by boiling in an SDS-containing buffer with 
reducing agent, e.g. p-mercaptoethanol flJ-ME), dithio- 
threitol (DTT), tributylphosphine (TBP), or others, ac- 
cording to Laemmli (7). Under these buffer conditions 
the molecule is alkylated in the presence of 1-5 mM io- 

35 doalkylating reagent (e.g. carboxyesterised iodoacetyl- 
tyrosine or p-(4-hydroxyphenyl)ethyl iodoacetamide). 
The reducing environment is then removed by dilution 
or dialysis into another buffer, by direct oxidation, or by 
precipitation of analyte molecules and resuspension in 

40 another buffer. Because of the alkylation of cysteines 
there is no longer a requirement for reducing conditions 
to prevent disulfide formation. In the subsequent buffer 
the iodination of tyrosine and modified cysteine amino 
acid side chains is performed according to standard 

45 chemistry. The resulting reaction mixture containing io- 
dinated proteins can be then either directly applied to 
isoelectric focussing after dilution into a suitable buffer, 
or proteins can be precipitated and resuspended into a 
suitable buffer. 

50 [0033] In one embodiment of the invention non-radi- 
oactively labelled proteins present in the diluting buffer 
are used in order to minimise loss of radioactive proteins 
from the analysis due to non-specific binding to experi- 
mental surfaces or matrices in very dilute solutions of 

55 radioactive protein. 

[0034] For solubilisation of proteins as mentioned 
above there are several general possibilities. For exam- 
ple the proteins are solubilised in an aqueous buffer, in 
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an organic butter, in a urea-based or a urea-thiourea- 
based buffer, in a butler containing cationic detergents 
or surfactants, especially SDS, in a butter containing an- 
ionic detergents or surfactants, in a butter containing no- 
nionic detergents or surfactants, in a buffer containing 
amphoteric or zwitterionic detergents or surfactants, in 
a buffer containing polyionic detergents or surfactants, 
or in a buffer containing a mixture of the above deter- 
gents or surfactants. 

[0035] Said buffer for solubilisation could contain one 
or more sulfhydryl reducing agents (p-ME, DTT, etc), e. 
g. one or more phosphine reducing agents (e.g. TBP), 
or other reducing agents, or the buffer could contain a 
mixture of reducing agents. It has to be considered that 
the presence of sulfhydryl reducing agents during 
alkylation reduces the efficiency of protein alkylation by 
competition with the sulfhydryl group of cysteine. There- 
fore it is preferred to use phosphines or other non-sulf- 
hydryl reducing agents to generate the reducing envi- 
ronment before alkylation. 

[0036] The reaction volume during alkylation is pref- 
erably below or equal to 25 microlitres. Nevertheless it 
could also be above 25 microlitres. 
[0037] The inventive method is especially applicable 
in the field of protein analysis, e.g. in the pre- or post- 
isoelectric derivatisation of cysteines for two dimension- 
al electrophoresis. It is also useful in the pre- or post- 
elect ropho ret ic derivatisation of cysteines for free flow 
electrophoresis or for capillary electrophoresis, or for 
other methods conventionally used for protein analysis. 
By way of example, proteins may be separated and an- 
alysed on the basis of isoelectric point (e.g. by chro- 
matofocussing or isoelectric focussing), of electro- 
phoretic mobility (e.g. by non-denaturing electrophore- 
sis or by electrophoresis in the presence of a denaturing 
agent), by chromatography, including FPLC and HPLC, 
on any suitable matrix (e.g. gel filtration chromatogra- 
phy, ion exchange chromatography, reverse phase 
chromatography or affinity chromatography) or by cen- 
trifugation. 

[0038] The inventive method could also be used in the 
pre- or post-electrophoretic, or pre- or post-chromato- 
graphic separation derivatisation of cysteines on pro- 
teins analysed by electrophoresis or chromatography 
on a micro chip, or any process which an expert in the 
art would recognise as similar in principle of operation 
to prior art techniques in this field. By "micro chip" is 
meant a micro-apparatus of the type where electrical cir- 
cuitry or microfluidic channels can be created by modern 
methods such as photoetching. Included in this defini- 
tion are micro chips which possess regions of differing 
chromatographic properties to differentially bind pro- 
teins to discrete subregions of the micro chip. This in- 
cludes micro chips which present arrays of specific nu- 
cleic acids, such as aptamers, or specific proteins, such 
as antibodies or bacteriophage coat proteins. 
[0039] Furthermore the inventive method is applica- 
ble in the pre- or post-electrophoretic or -chromato- 
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graphic, or pre- or post-separation derivatisation ot 
cysteines on proteins analysed after microfractionation 
into distinct receptacles or chambers following chroma- 
tography, electrophoresis, or other separation process- 

s es. By "receptacles or chambers" is meant vessels of 
containment, such as miniature reaction test tubes, and 
also micro-arrays etched into a surface of glass or other 
material, or into a micro chip as described above. 
[0040] As an example of the performing of the inven- 

10 tive method the peptides and/or' proteins of a sample 
are solubilised by boiling in an SDS-containing buffer 
with reducing agent. Then, alkylation of amino acid res- 
idues, especially of cysteine residues, of the peptides 
and/or proteins is performed by incubating the sample 

15 with p-(4-hydroxyphenyl)ethyl iodoacetamide, wherein 
the isoelectric point of the peptides and/or proteins is 
essentially the same before and after alkylation. lodina- 
tion of tyrosine and alkylated cysteine amino acid side 
chains of the peptides and/or proteins is performed by 

20 standard chemistry. In another embodiment the alkylat- 
ing reagent is labelled prior to alkylation ot the peptides 
and/or proteins. Then the alkylating reagent contains e. 
g. one or more radioactive atoms. Following alkylation. 
of the peptides and/or proteins excess alkylating rea- 

25 gent is reacted with e.g. glutathione to impart a net 
charge to the alkylating reagent permitting removal of 
excess alkylating reagent during electrophoresis. Low 
molecular weight molecules could be removed by dial- 
ysis prior applying the labelled sample to isoelectric fo- 

30 cussing. 
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Claims 



25 



1. Method for isotopically labelling peptides and/or 
proteins in preparative and analytical electrophore- 
sis, especially as sample preparation for isoelectric 
focussing, wherein side chains of specific amino ac- 30 
id residues of said peptides and/or proteins are deri- 
vatized and at least one label is incorporated into 

the derivatized side chains of peptides and/or pro- 
teins. 

35 

2. Method according to claim 1, characterized in that 
the isoelectric point of said peptides and/or proteins 
is essentially the same before and after derivatisa- 
tion. 

40 

3. Method according to claim 1 , characterized in that 
the isoelectric point of said peptides and/or proteins 
is altered by the derivatisation. 

4. Method according to one of claims 1 to 3, charac- 45 
terized in that said side chains contain sulfhydryl 
groups, wherein preferably said amino acid resi- 
dues are those of cysteines. 

5. Method according to one of the preceding claims, so 
characterized in that said side chains are derjva- 
tized by alkylation with an alkylating reagent, 
wherein preferably the alkylating reagent already 
comprises the label to be incorporated into the pro- 
teins and/or peptides. ss 

6. Method according to claim 5 : characterized in that 
said alkylating reagent is carboxyesterised io- 



doacetyltyrosine. 

7. Method according to claim 5, characterized in that 
said alkylating reagent is a hydroxyphenylalkyl io- 
doacetamide, especially (i-(4-hydroxyphenyl)ethyl 
iodoacetamide, or a hydroxyaromatic alkyl iodoa- 
cetamide. 

8. Method according to claim 5, characterized in that 
said alkylating reagent is iodoacetamylaminoalkyl- 
phenyl-sulfonic acid or iodoacetamylaminoalkyl- 
phenylalkyl-sulfonic acid or iodoacetamylami- 
noalkylphenyl-carboxylic acid or iodoacetamylami- 
noalkylphenylalkyl-carboxylic acid. 

9. Method according to claim 5, characterized in that 
said alkylating reagent is monobromobimane. 

10. Method according to claim 5, characterized in that 
said alkylating reagent is p-sulfobenzoyloxybromo- 
bimane or monobromotrimethylammoniobimane. 

11. Method according to claim 5, characterized in that 
said alkylating reagent is a N-(iodoacetylami- 
noalky)-5-napthylamine-1 -sulfonic acid or a N-(io- 
doacetylaminoalkyl)-8-napthylamlne-1 -sulfonic ac- 
id, especially N-(iodoacetylaminoethyl)-5-napthyl- 
amine-1 -sulfonic acid (1 ,5-l-AEDANS) or N-(io- 
doacetylaminoethyl)-8-napthylamine-1 -sulfonic ac- 
id. 

12. Method according to claim 11, characterized in that 
the sulfonic acid group of said alkylating reagent is 
replaced by a carboxylic acid group and/or a phos- 
phoric acid group and/or the napthyl ring structure 
of the reagent is replaced by a phenolic ring. 

13. Method according to one of claims 5 to 12, charac- 
terized in that excess alkylating reagent is reacted 
with an excess of another molecule, expecially thi- 
oglycolic acid and/or its salts, 3-mercapto-1 -pro- 
pane-sulfonic acid and/or its salts, glutathione, and/ 
or cysteamine, thereby imparting a charge to the ex- 
cess alkylating reagent. 

14. Method according to one of the preceding claims, 
characterized in that the label is a radioactive iso- 
tope, especially a radioactive isotope out of the 
group comprising carbon, hydrogen, sulfur, seleni- 
um, phosphate and iodine, wherein iodine is pre- 
ferred. 

1 5. Method according to claim 1 4, characterized in that 
said radioactive isotope exhibits coincident X-rays 
and gamma ray emission upon decay and is com- 
patible with muliple photon detection (MPD). 

16. Method according to one of the preceding claims, 
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characterized in that different isotopes of the same 
element are incorporated as labels, especially dif- 
ferent isotopes of iodine, permitting co-electro- 
phoresis of different samples and/or individual iden- 
tification of differentially labelled peptides and/or s 
proteins by virtue of differing radioactive decay and/ 
or differing masses, especially by mass spectrom- 
etry. 

10 
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